Abstract Estimating the value of discharge in water ways is an important factor in the flood controlling projects. Recently by advances in flood management, investigators have proposed to use the concept of compound section for modeling the flow characteristics in the natural waterways such as rivers. Several conceptual and theoretical approaches based on the idea of compound section have been proposed for estimating the discharge in rivers. In this study, the performances of the theoretical methods were assessed using performing series of experiments in straight prismatic compound open channel and also analyzing the published data in the literature. Analyzing the performance of theoretical methods shows that Divided Channel Method including vertical bounded line with the determination of coefficient (0.91) and root mean square error (0.02) is an accurate method through the theoretical approaches and only this method has suitable ability to apply for practical purposes.
Introduction
Flow discharge is a basic parameter in developing the water resource projects such as hydro-power systems, irrigation and drainage networks (Chen 2015; Chow et al. 1988) . Channels are the main structures which have been used for conveying the water or wastewater in the water engineering projects (Akan 2011; Subramanya 2009 ). Study on the flow discharge in the open channels has become an important subject in management of water resources; therefore, several researchers have attempted to propose approaches for measurement and estimation of discharge in the open channel (Haghiabi 2012; Heidarpour et al. 2008; Parsaie and Haghiabi 2015a, b, c; Parsaie et al. 2015a, b; Vatankhah 2012 Vatankhah , 2013a . Calculating the flow discharge in conventional open channels usually is conducted by classical empirical formulas such as Manning and Chezy formulas (Parsaie 2016) . These formulas have dependable performance for calculating the discharge in normal channel but when floods occur, surplus flow on the capacity of the normal channel flow in floodplains makes using the classical formulas for estimating the discharge of flow unsure. Using them may lead to errors (Ackers 1993; Al-Khatib et al. 2012 , 2013 Azamathulla et al. 2016; Dehdar-behbahani and Parsaie 2016; Parsaie and Haghiabi 2014; Parsaie and Haghiabi 2015a, b, c) . Several reasons have been reported for the lack reliability of these methods under flood conditions (Bousmar and Zech 1999) . Investigators have tried to modify and improve the performance of these formulas and proposed the concept of compound sections as a novel approach for estimating the discharge of flow especially in natural streams (Hosseini 2004; Huthoff et al. 2008; Parsaie and Haghiabi 2015a, b, c) . Figure 1 shows a sketch of the proposed compound section for use in the study on the natural streams. As seen from Fig. 1a compound section includes a main channel and flood plains. Because of reduction of flow velocity in the floodplains, this part of the cross section is usually covered by vegetation and is rougher than the main channel.
In the Fig. 1 the roughness of the main channel was defined with the n mc and roughness of the floodplains were introduced by n fp . Flow depth in the main channel characterized by H and main channel depth was defined by h. Several ways for theoretical methods and soft computing techniques have been proposed for calculating and predicting the flow discharge in compound open channel. In field of theoretical approaches Single Channel Method (SCM) and divided channel method (DCM) as proxy of theoretical methods can be stated (Atabay and Knight 2006; Knight and Demetriou 1983; Knight and Shamseldin 2005; Knight et al. 1984; Liao and Knight 2007; Tang et al. 1999; Unal et al. 2010 ). In the field of soft computing techniques using the Artificial Neural Networks (ANNs), M5 tree, Genetic Programming (GP), group method of data handling (GMDH) and Support Vector Machine (SVM) can be mentioned (Azamathulla and Zahiri 2012; Noori et al. 2009 Noori et al. , 2016 Osooli et al. 2011; Parsaie et al. 2015a, b; Sahu et al. 2011; Unal et al. 2010; Zahiri and Azamathulla 2014) . In this study to assess the performance of the most famous empirical approaches, a series of laboratory experiments were programmed and executed in the hydraulic laboratory of Tehran University (Iran). To compare the obtained results from the laboratory experiments with previous studies, 396 datasets related to discharge of flow in compound open channel published in the literature were retrieved and examined.
Materials and method
The experiments were carried out in a compound open channel in which properties were shown in Fig. 2 . As indicated, the longitudinal slope is equal to 0.00088, the length of channel is about 15 m, bottom with of the main channel is 0.4 m and the main channel depth is 0.18 m, and with of floodplains are 0.4 m. The cross slope of floodplains are equal to zero. The range of discharge of flow was measured between 0.35 and 0.75 (m 3 /s). The discharge of flow was measured using a calibrated v-notch weir and the flow depth in the main channel and floodplains were recorded using the point gage.
Flow in the compound open channel is a complex phenomenon and there are many influencing parameters on the discharge capacity. The important parameters are given in Eq. (1) including the hydraulic and geometric characteristics: 
In which that f r is defined as
, and H r is defined as HÀh H . As mentioned in the introduction section one of the main part of this study is a compression with the results of other researches. To this 396 data set related to the discharge of flow in compound open channel was collected and ranges of them are given in Table 1 .
Single channel method (SCM)
The Single channel method (SCM) considered the cross section of the compound open channel as unique, and there is no difference between the normal and the compound channel. The main point of the SCM is calculating the equivalent roughness for the compound open channel by prevalent methods such as the Horton and the Einstein formulas (Eq. 3), and then the discharge is calculated by Table 1 Summary of collected data range related to discharge of flow in the compound channel Eq. (4). The weakness of the SCM is related to the calculation of the transport capacity, especially when the water level increases and the flow covers the floodplains, the wet perimeter increases in comparison with the wet area so the calculated transport capacity is less than the measured data, and at the end, the flow discharge, which is calculated by SCM is less than the actual values. By increasing the flow depth on the floodplains the accuracy of the SCM is improved.
in which the P i is the perimeter of wetted area of the sub section, n i is the Manning's roughness factor for the each sub sections, P is the perimeter of the total flow cross section and n e is the equivalent roughness (Parsaie et al. 2015a, b) .
Divided channel method (DCM)
The Divided channel method (DCM) divides the compound channel into subsections. The DCM is based on the uniform velocity in the area. In this method, the compound channel section is divided into the main channel and the floodplains, and then the total discharge is calculated by adding the discharge through the area. The discharge in the subsections is calculated by Eq. 5. The Manning formula is used for calculating the discharge and the subscription is related to the discharge in each subsections. The separation line between the main channel and the floodplains ( 
Coherence method (COHM)
The Coherence method (COHM) is a one dimensional method that was proposed for rectification of the transport capacity parameter in the compound open channel. The COHM is based on the momentum and mass transferring between the main channel and the floodplains. Ackers (1993) proposed a parameter which named the Coherence parameter. As given in Eqs. (6, 7) the COH parameter is defined as a ratio of the transport capacity parameter of SCM to DCM. If the COH parameter was close to 1, the compound open channel has hydraulic behaviors similar to the normal channel.
where N fp is the number of the floodplains, A fp is section area of floodplains, A mc is section area of the main channel, P fp and P mc are the wetted perimeters of floodplains and main channel, respectively, fp and mc are the subscription related to the floodplains and the main channel. COH parameter gets a value between zeros to one. Whenever the COH is becoming close to one, the compound channel has a behavior similar to normal channel. Ackers (1993) also proposed a coefficient that he named the Discharge Adjustment Factor (DISADF) used to edit the discharge capacity. The discharge should be corrected based on a value that is derived from Fig. 4 and Eqs. 8 and 9.
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Results and discussion
The ranges of results of experimental parameters regarding the Eq. 2 are given in Table 2 . The minimum discharge of flow in experiments which covered the floodplains was equal to 0.335(m 3 /s) and during the experiments the roughness of main channels were found to be 0.0139 and for floodplains values between 0.0139 and 0.0165 were found. Regarding the derived experimental data the performance of analytical approaches were assessed and are shown in Fig. 5 . To carefully assess the accuracy of these methods other error indices such as determination of coefficient (R 2 ), Root Mean Square Error (RMSE), Relative Error(ER), Absolute Percentage Error (APE), Mean Absolute Percentage Error (MAPE), and Mean Absolute Error (MAE) were calculated and are given in Table 3 . It is notable that CMS is cubic meter per second.
Reviewing the Table 3 and Fig. 5 shows that the DCM v-i , DCM h-e and DCM h-i are the most accurate through the analytical approaches and worst accuracy is related to the SCM method. To compare the results with the other previous studies the theoretical methods were assessed using collected data set. The results of evaluating the performance of theoretical methods are given in Fig. 6 and Table 4. Reviewing Table 4 and Fig. 6 shows that the DCM h-i and DCM v-i are the most accurate methods among the empirical approaches. These results ensured the results of experimental runs. The results of this study uphold the results of studies which were conducted by Seckin (2004) and Unal et al. (2010) that stated the accuracy DCM is better than the other empirical formulas. The results of this study also uphold the results of studies which were carried out by Khatua et al. (2012) and Mohanty and Khatua (2014) that proposed a Modified divided channel method for calculating the discharge of flow in compound open channel. 
Conclusion
The results of this study showed that the classical formula for calculating the discharges of flow in compound open channel has no suitable performance. Therefore, modifications of these formulas are inescapable. The divided channel section is the accurate approach which has suitable performance for calculating the discharge of flow in compound open channel. The results of this study show that assuming the vertical separated boundary line in the divided channel method for individualizing the subsections increases the performance of estimating the discharge of flow. 
